Abstract. The feasibility of measuring volcanic deformation or monitoring deformation of active volcanoes using space-borne synthetic aperture radar (SAR) interferometry depends on the ability to maintain phase coherence over appropriate time intervals. Using ERS 1 C band ( •. = 5.66 cm) SAR imagery, we studied the seasonal and temporal changes of the interferometric SAR coherence for fresh lava, weathered lava, tephra with weak water reworking, tephra with strong water reworking, and fluvial deposits representing the range of typical volcanic surface materials in the Katmai volcano group, Alaska. For interferograms based on two passes with 3 5 days separation taken during the same summer season, we found that coherence increases after early June, reaches a peak between the middle of July and the middle of September, and finally decreases until the middle of November when coherence is completely lost for all five sites. Fresh lava has the highest coherence, followed by either weathered lava or fluvial deposits. These surfaces maintain relatively high levels of coherence for periods up to the length of the summer season. Coherence degrades more rapidly with time for surfaces covered with tephra. For images taken in different summers, only the lavas maintained coherence well enough to provide useful interferometric images, but we found only a small reduction in coherence after the first year for surfaces with lava. Measurement of volcanic deformation is possible using summer images spaced a few years apart, as long as the surface is dominated by lavas. Our studies suggest that in order to make volcanic monitoring feasible along the Aleutian arc or other regions with similar climatic conditions, observation intervals of the satellite with C band SAR should be at least every month from July through September, every week during the late spring/early summer or late fall, and every 2-3 days during the winter.
Introduction
Synthetic aperture radar (SAR) interferometry has been used extensively in recent years to measure ground surface deformation associated with earthquake displacements Copyright 1998 by the American Geophysical Union.
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0148-0227/98/98JB-02410509.00 SAR interferometry has an enormous recognized potential for the study of volcanic deformation and for the monitoring of restless volcanoes because of its extensive spatial coverage and because, in theory, it can be applied without having personnel or instrumentation on the ground in harm's way. In addition, with extensive satellite coverage available, we could have the potential to monitor any restless volcano in the world without having to identify it as a likely candidate for monitoring before observing any signs of unrest. Dedicated SAR missions [e.g., Hermann, 1996] are being considered that, among other goals, would make it possible to monitor active volcanoes.
However, the ability of SAR interferometry to measure volcanic deformation signals will depend on the ability to A final data set of the best interferograms was selected on the basis of two criteria: (1) the baseline separation was smaller than 500 m (Table 1) , and (2) coherence was found somewhere on the image (i.e., if an interferogram did not show any coherent fringes anywhere on the image, it was excluded). We did not give preference to interferograms that showed coherence in one or more of our target areas. Our final data set consisted of 59 interferograms that met the above two criteria (Table 1) .
We computed a correlation coefficient for each site for each pair of images, using the following equation,
i=1
(1)
where a• and b• are complex-valued pixels in the two images, and the asterisk means complex conjugation. In the 2 and 3a) . Weather data for the specific times of the satellite passes are not available in this unpopulated area, but snow can fall at any time of the year there, and snow on the ground becomes increasingly common after mid-September. A more rapid dropoff in coherence is found for interferograms starting around the beginning of November (Figure 3b ). At this time of year, the coherence of interferograms spanning more than 3 days is veD' low, indicating almost complete decorrelation within 6 days. Once again the surface types cannot be distinguished, and we suggest that changes in snow and ice cover are the most likely cause of decorrelation. 
Coherence as a Function of Time Interval

Discussions and Conclusions
For all five sites we found that coherence increases after early June, reaches a peak between the middle of July and the middle of September, and finally decreases until the middle of November when coherence is completely lost.
We interpret this observation to mean that coherence is highest during the Arctic summer, when the ground is free of snow and ice, and when the reworking and water saturation caused by the spring melt has passed.
For interferograms based on two passes taken during the same summer season, fresh lava has the highest coherence, followed by either weathered lava or fluvial deposits. The coherence as a function of time interval for interferometric SAR images acquired during the summer can be described as an approximately exponential decrease in correlation coefficient with time (Figure 4) . The best fitting exponential decay curve for the fresh lava has a time constant of several years. However, we do not believe that a simple exponential function is adequate to describe our results. In Figure 4 , note that the dropoff in coherence for fresh lava goes from values around 0.8 with a time separation of 1-2 months to 0.5-0.6 for time separations of 1 to 3 years. There is a significant drop in correlation coefficient from a separation of a few months to a separation of 1 year. However, the drop in coherence for separations of 2 and 3 years is much smaller. We suggest that multiple processes, each acting with a different exponential timescale, would better fit the data. The complete loss of interferometric coherence at p 0.3 (Figures 3b and 4) 
